Introduction. Cerebral palsy (CP) is caused by an injury to the developing brain, and abnormal gross motor function is a hallmark of CP. Properly structured exercises on land have been reported to be effective in improving functional performance in children with CP while only few have been documented on aquatic therapy. Objective. To investigate the effect of a 10-week aquatic exercise training program on gross motor function in children with spastic CP. Methods. Thirty participants aged 1 to 12 years were randomized into the experimental and control groups. Both groups received manual passive stretching and functional training exercises, depending on their level of motor impairment, either in water (temperature 28°C to 32°C) or on land. Each exercise training session lasted for about 1 hour 40 minutes, twice per week for 10 weeks in both groups. Measurement of gross motor function was done using Gross Motor Function Measure (GMFM-88) at baseline and after 4 weeks, 8 weeks, and 10 weeks of intervention. Both groups were compared for differences in change in gross motor function using Mann-Whitney U test. The level of significance was set at P < .05. Results. Only the experimental group showed significant improvement (P < .05) in all dimensions of gross motor function except for walking, running, and jumping (P = .112). Statistically significant difference (P < .05) was found between both groups for all dimensions of gross motor function after 10 weeks of intervention. Conclusion. Aquatic exercise training program is effective in the functional rehabilitation of children with spastic CP.
Introduction
Cerebral palsy (CP) is the most common motor disability in childhood and it is associated with lifelong motor impairments. 1 It is a disabling condition that affects a child's life and that of his/her family irreversibly, and usually, it is a nonprogressive condition, but improvement over time is challenge. 2 CP is a common neurologic problem in children and is reported as occurring in approximately 2 to 2.5 of 1000 live births globally. 3 Reports by El-Tallawy et al 4 also showed a prevalence of 2 per 1000 births in Africa. In Nigeria, CP is the second most common disorder seen at the pediatric neurology clinics after epilepsy. 5, 6 Majority (75%) of children with CP suffer from the spastic form. 6, 7 Abnormal gross and fine motor function and organization, reflecting abnormal motor control, are the core features of CP. 8 Loss of selective motor control, abnormal muscle tone, imbalance of power between muscle agonists and antagonists, and impaired body balance mechanisms influence the growth of the child's muscles 857378G PHXXX10.1177/2333794X19857378Global Pediatric HealthAkinola et al research-article2019 1 College of Medicine, University of Lagos/Lagos University Teaching Hospital, Lagos, Nigeria 2 College of Medicine, University of Lagos, Lagos, Nigeria and bones, which might result in reduced muscle elasticity, reduced joint range of motion, and disturbed bone and joint development. 9 These motor problems can lead to difficulties with walking, feeding, and swallowing; coordinated eye movements; articulation of speech; and secondary problems with musculoskeletal function, behavior, and participation in society. 8 A factor that matters most to a child and their family is the ability to perform daily activities. 10 Mesterman et al 11 reported that 30% to 50% of the Israeli, 8 to 30 years old with CP, require assistance in activities of daily living and for the tasks of dressing, shower, and mobility outside of home, and 50% to 60% of the participants aged below 18 years reported the need for assistance. After achieving a maximum independence level, social function and mobility skills have been reported to deteriorate in youth with CP from the age of 14 years onward. 12 Cerebral palsy falls into the category of dynamic disabilities, which means that the physical conditions of individuals with CP can be altered under the influence of physical activities and exercises. 13, 14 Regular exercise is necessary for the health of children and adults, but in those with CP, the ability to exercise is adversely affected by their motor impairment. 1 Various therapeutic exercises, such as strengthening, stretching, balance training, and functional task-oriented training, are commonly used in the rehabilitation of children with CP. 15 These exercises, which are mostly carried out on land, have been shown to improve gross motor function in children with a diagnosis of CP. 16, 17 Despite the wide use of these exercises, some studies have reported challenges accompanying their usage. For instance, a survey carried out in Canada among parents of children with CP demonstrated that stretching was a form of exercise most frequently identified as painful by parents (93% of those reporting pain) and the one with the highest mean pain intensity. 18 Aquatic or water intervention is one of the most popular supplementary treatments for children with neuromotor impairments, particularly CP. 19 The intervention may provide safe and beneficial alternative low-impact exercise for children with disabilities, 20 but there is still lack of evidence-based studies documenting the effects. 21 A 2011 systematic review by Blohm 22 looked at 8 studies, including 3 randomized controlled trials. All 8 studies reported that aquatic interventions, either as a major component or as a stand-alone intervention, were beneficial for children and adolescents with CP. Benefits reported in the studies included improvement in gross motor skills and maintaining improvements for 3 to 6 months after the intervention, improvement in function including walking efficiency, lower limb muscle strength, balance, and reduced spasticity. Aquatic therapy is advantageous because water can provide antigravity positioning, as well as buoyancy for weight reduction and decreased compressive forces on joints, resulting in a more fluid active movement for children who would not be able to do certain activities on land. 23, 24 With the dearth of available evidences showing the effect of aquatic therapy on gross motor function in children with CP, it has become necessary to investigate the effect of a structured aquatic exercise training program on gross motor function in children with CP.
Methods
A total of 30 children not older than 12 years of age who were diagnosed with spastic CP participated in this study. They were recruited from a developmental center in Lagos, Nigeria, where they were undergoing their rehabilitation. They were screened for eligibility based on the inclusion and exclusion criteria of the study. Children with associated neurodevelopmental conditions were excluded from this study. Written informed consents were sought and obtained from the parents of the participants prior to the commencement of the study.
Ethical Approval and Informed Consent

Procedure
Following the permission from the service director of the center, the participants' case files were assessed prior to the commencement of the study to ascertain participants' diagnoses and the type of CP. The participants were assessed by obtaining a detailed history and carrying out physical examination. Sociodemographic data such as age and gender were also obtained from their case files. The participants who met the criteria for the study were then randomly assigned into experimental and control groups. Their mobility level was determined using Gross Motor Function Classification System (GMFCS)-Expanded and Revised, while Gross Motor Function Measure-88 (GMFM-88) was used to measure their gross motor function.
Assessment Protocol
Mobility Level Assessment. This was carried out using the GMFCS-Expanded and Revised according to standard.
Patients were carefully observed in order to ascertain their mobility level.
Gross Motor Function Assessment. This was carried out using the GMFM-88. Participants were observed for functional performance at various domains of the instrument.
All measurements were taken at baseline, end of fourth week, end of eighth week, and after 10 weeks of intervention. However, the mobility level was only assessed at baseline to describe the participants in terms of their motor impairments. All participants were ensured not to participate in any other form of treatment throughout the period of the study, and parents were advised to report to the researcher any complaints they have about their children at any point during the research period.
Intervention
All participants in both groups participated in a total of 20 treatment sessions for 10 consecutive weeks of 2 sessions per week. Concomitant use of antispastic drugs in any form was discouraged throughout the study.
Experimental Group. The participants in the experimental group received a treatment protocol adopted from the studies of Salem and Godwin. 26 Participants received exercise training in water, 2 times a week for 10 weeks with the exercised parts fully immersed in water. The water temperature was between 28°C and 32°C throughout the entire duration of intervention. Two physiotherapists were involved in the treatment of each of the participants in a treatment session. The exercise protocol consisted of 2 categories of exercises as follows.
Exercise 1 (manual passive stretching). This consisted of moving the joint involving the spastic group of muscles passively away from the direction of primary function and holding this position for 60 seconds in fully lengthened position of the muscle groups. This procedure was repeated 5 times for each part giving a total duration of 5 minutes. Control Group. All participants in the land-based exercise group received same treatment protocol as waterbased exercise group as described above except that all exercises were carried out on land. These exercises also included manual passive stretching and functional training: 2-point kneeling, sitting, standing, and walking, with same frequency and duration as water-based exercise group.
Post-Intervention Assessments
Participants were reassessed at the end of the fourth week, eighth week, and 10th week of intervention for changes in gross motor function using the GMFM-88. All assessments were carried out by blinded assessors who did not participate in the treatment of the participants but were trained on the assessment procedures.
Data Analysis
Statistical Package for Social Sciences (SPSS Inc, Chicago, IL) 21.0 version for Windows package program was used to perform data analysis. Demographic and quantitative data were expressed in terms of frequency, mean, and standard deviation. Independent t test was used to compare the age of participants in both groups. Friedman test was used to compare the baseline, end of fourth week, eighth week, and 10th week postintervention changes in degree of spasticity and gross motor function of participants within each group, while Mann-Whitney U test was used to compare the change in spasticity and gross motor function between both groups. All statistical tests were performed at the .05 level of significance (P < .05).
Results
Both groups did not differ significantly in age and mobility level ( Table 1) . Comparison of mean rank values of the clinical outcome variables at baseline also revealed no significant difference in gross motor function between both groups (Table 2 ). There was significant difference in all dimensions of gross motor function (Table 3 ) among participants in the experimental group. The pattern of change in overall gross motor function across the duration of intervention is compared between both groups in Figure 1 .
Discussion
The aim of the present study was to investigate the effect of aquatic exercise training program on gross motor function in children with CP. Participants in both groups were similar in age and mobility level as well as in baseline parameters for gross motor function. This suggests that both groups were homogenous and therefore comparable and that results obtained could not be attributed to confounding variables of the participants or to chance.
Of the 30 participants involved in this present study, there was a preponderance of females compared with males (ratio 2.3:1). This finding is not in line with those found in previous similar studies 6, 27, 28 where males were found to predominate. No obvious explanation could be given for the predominance of females compared with males in this study. It is, however, worthy of note that most of these previous studies were conducted in hospitals while participants for this study were recruited from a developmental center for children.
Majority (86.7%) of the participants recruited for this study were found to be older than 2 years. This counters the report of a study carried in Nigeria by Adekoje et al 6 that included participants of the same age range as the present study. They reported that majority (63.4%) of their participants were aged 2 years and below. Other similar previous studies 14, 16, 27, 29, 30 have also presented contrasting reports of age distribution, which are attributable to difference in inclusion criteria of participants. The findings that most participants in this study were older than 2 years may partly be due to the fact that Abbreviations: GMFCS, Gross Motor Function Classification System; X ± SD , mean ± standard deviation. developmental centers are not always the first choice for relatives seeking rehabilitation for their children or wards with CP. Therefore, the choice of a developmental center may be due to frustration of relatives as a result of delayed response of their handicapped children to treatment in the hospitals in the first few years of life and had to resort to these centers to relieve them of the burden when most of the children would have been older. The most predominant type of spastic CP in the present study was the quadriplegic type (83.3%). This is similar to reports from earlier studies in Nigeria. 6, 31, 32 It is, therefore, not surprising that the majority of the participants in the present study had severe motor impairments as reflected by their mobility level that was mostly GMFCS IV (53.3%). On the other hand, reports from studies in other parts of the world showed that diplegic type constituted the majority. 14, 16, 28, 29, 30 There was no specific reason to account for this variation, but geographical differences may be considered.
The result of this study demonstrated that 10 weeks of aquatic exercise training program brought about significant improvement in gross motor function in the dimensions of lying and rolling, sitting, crawling, and kneeling, and standing as well as in the overall score. This may be attributed to the buoyancy effect of water, which provides antigravity positioning, weight reduction in water, and decreased compressive forces on joints, resulting in more fluid motor function for children who would not be able to do certain activities on land. [22] [23] [24] This may consequently make functional training easier in water and may be responsible for the carry over effect in improvement of functional performance on land. These findings have been supported by previous studies. 28, 30 The study by Chrysagis et al 28 found out that a 10-week aquatic training program improved the gross motor function in standing, which is consistent with the findings of this study. Declerck 30 also reported significant improvement in motor function following 10 weeks of aquatic training in 14 youths with CP, which was found to translate into functional independence and improved self-care. These previous studies also documented significant improvement in walking, running, and jumping, which is contrary to the findings of this study. This variation may be attributed to methodological differences and inclusion criteria. While their studies both included ambulatory children with CP who could walk with or without support, the present study included both ambulatory and nonambulatory participants with majority not being ambulatory.
Comparison between both the experimental and control groups revealed that there was statistically significant difference on all dimensions of gross motor function in favor of aquatic exercise training program, and this significant difference was not observed until after the 10th week of intervention. This gives credence to aquatic exercise training as a beneficial intervention in the rehabilitation of children with spastic CP. The result from this study, therefore, showed that aquatic exercise training program is effective in the rehabilitation of children with spastic CP. The exercise regimen should, however, be properly structured and extended to at least 10 weeks as done in this study and adhered to, so as to produce desired results.
Conclusion
From the findings of this study, it can be concluded that aquatic exercise training program is a veritable tool for the improvement of gross motor function in children with spastic cerebral palsy.
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